Rtsl is a high-molecular-weight (126 x 106) plasmid encoding resistance to kanamycin. It expresses unusual temperature-sensitive phenotypes, which affect plasmid maintenance and replication, as well as host cell growth. We have cloned the essential replication region of Rtsl from pAK8, a smaller derivative which is phenotypically similar to Rtsl. Restriction endonuclease digests of isolated pAK8 deoxyribonucleic acid were allowed to "self-ligate" (ligation without an additional cloning vector) and subsequently were used to transform Escherichia coli strain 20S0 to kanamycin resistance. Screening of these strains for the phenotypes of thermosensitive host growth and temperature-dependent plasmid elimination demonstrated that these two properties were expressed independently. Furthermore, it was shown that the Rtsl replication locus per se is not necessarily responsible for altered host growth at the nonpermissive temperature. The kanamycin resistance fragment of pAK8 was also cloned into pBR322. Electrophoretic analysis of BamHI restriction enzyme digests of this plasmid and similar digests of an Rtsl miniplasmid has allowed the identification of an 18.6-megadalton fragment carrying the replication locus and a 14.1-megadalton fragment carrying the kanamycin resistance gene.
carrying the Rtsl genome in a chromosomally integrated state by integrative suppression (37) and directed transposition (28) . Comparison of the patterns of thernosensitivity expressed by Rtsl in an integrated state to that of autonomously replicating Rtsl derivatives revealed that reduced conjugal transfer and T-even phage restriction are under a control separate from that of thermosensitive host growth (tsg) and inhibition of Rtsl CCC formation (28, 29, 37) . These findings are consistent with the idea that the tsg phenotype is closely linked to the control of Rtsl replication. Recently, a deletion map of Rtsl has been prepared by examination of an integrated Rtsl plasmid (25) , and tsg was localized at or near the anticipated Rtsl replication region, adjacent to the gene(s) coding for IncT.
We have cloned Rtsl genes by using the cloning vehicle pBR322 (2), as well as by "self-ligation," which avoids the use of additional cloning vehicles or exogenously added drug resistance markers (7, 31) . In this study, we report the characterization of a series of Rtsl miniplasmids generated by this self-ligation method with respect to the phenotypes of thermosensitive host growth (tsg) and stability of plasmid maintenance.
MATERIALS AND METHODS
Bacterial strains, media, and biochemicals.
Media used for bacterial plating was MacConkey Agar (Difco) or L-agar (20) . Liquid media included the following: heart infuion broth (Difco), Trypticase soy broth (BBL Microbiology Systems), L-broth, and M9-glucose minimal medium (9) . Kanamycin sulfate (20 pg/ml), ampicillin (50 pg/ml), and tetracycline (20 pg/ ml) were from Sigma. Endonuclease BamHI was from Boehringer Mannhe and Bethesda Research Labs, EcoRI was from Boehringer Mannheim, Sail was from Miles, and T4 DNA ligase was from Miles Labs and Bethesda Research Labs. Bacterial strains used have been described elsewhere (11, 34) .
Alkaline sucrose gradient analysis. The conditions used for alkaline sucrose gradient analysis have been described in detail previously (11, 34) .
Isolation of plasmid DNA Plasmids pBR322, pFY603, and pFK004 were isolated by ethidium bromide-cesium chloride centrifugation from overnight cell cultures as previously described (34) , except that a solution of 0.4% Triton X-100 in 62.5 mM EDTA-50 mm Tris-hydrochloride (pH 8.0) was substituted for Brij detergent to accomplish lysis of cells containing pFY603 and pFK004. Ethidium bromide was removed from the collected plasmid band by extracting twice with CsCl-saturated isopropanol, and solutions were finally dialyzed extensively against a buffer containing 0.1 mM EDTA-10 mM Tris-hydrochloride (pH 7.5).
Substanti quantities of Rtsl and pAK8 were prepared by a scaled-up modification of the procedure of Hansen and Olsen (15) . Samples (500 ml) were grown to 1.0 x 10 cells per ml in M9 media, chilled quickly, and peileted in a Beckman JA14 rotor at 0°C. Cells were washed with 50 ml of 10 mM sodium phosphate, pH 7.0, and centrifuged again. Pellets were then resuspended in 23.4 ml of 25% sucrose.05 M Tris-hydrochloride, pH 8.0; 1.8 ml of lysozyme (10 mg/ml in the same buffer) was added, and celLs were incubated at 0°C for 5 min. After the addition of 9.4 ml of 0.25 M EDTA (pH 8.0) and another 5 min on ice, lysis was accomplished with 9.4 ml of sodium dodecyl sulfate (20% in 0.05 M Tris-hydrochloride-0.02 M EDTA, pH 8.0). Samples were alternately mixed and heated as descibed elsewhere (15) . Samples were denatured with 9.4 ml of 3 M NaOH, mixed for 3 min, and then renatured after the addition of 18.8 ml of 2 M Trishydrochloride, pH 7.0. Chromosomal DNA was precipitated with 12.5 ml of the sodium dodecyl sulfate solution and 23.5 ml of 5 M NaCl after chilling overnight at 4°C, samples were centrifuged at 12,500 rpm for 35 min at 00C in a Beckman JA 14 rotor. The supernatant fluids were decanted and combined with 0.313 volumes of 42% polyethylene glycol (in 0.01 M sodium phosphate, pH 7.0), and kept for 6 h at 40C. DNA was pelleted at 6,000 rpm, 40C, for 6 min in a JA 14 rotor and purified in ethidium bromide-cesium chloride gradients as descibed above.
The DNA concentration was measured by the fluorescence method (16 (22) .
Neutral CosCl gradient analysig. Cells were grown and lysed (24) and samples were subjected to centrifugation in CsCl as described previously (34) .
RESULTS
Properties of the Rtsl derivative pAK8. Plasmid pKA8 is a spontaneous Rtsl derivative reported previously (32) which has a smaller molecular weight than Rtsl. As shown in Fig. 1 pAK8 and Rtsl, respectively (Rtsl data not shown).
The plasmid copy number (CCC molecules/ chromosomal genome) was calculated to be 1.2 and 1.3 for pAK8 and Rtsl, respectively, taking into consideration the loss of CCC plasmid DNA in alkaline sucrose analysis as previously described (11) . To measure the buoyant density of pAK8 and Rtsl, they were placed in Enterobacter cloacae and subjected to neutral CsCl density gradient centrifugation. The density of pAK8 thus measured was 1.705 g/cm3, identical to the value for Rtsl (14) . In this bacterium also, 1.3 copies of pAK8 and 1.4 copies of Rtsl per chromosome exist, assuming that the molecular weight of the chromosome for the host bacterium is similar to that of E. coli, 2.5 x 109 (6).
A comparison of Rtsl and pAK8 (Table 1) shows that they are identical with respect to various properties. Digestion of Rtsl and pAK8 with restriction endonuclease BamHI demonstrated substantial homology of the electrophoretic profiles of the digests (Fig. 2) Table 4 ). Cell growth and maintenance of kanamycin resistance were monitored over a period of 9 h in strains harboring Rtsl and pFY603, and compared with a thermosensitive (tsg+) miniplasmid, pFY505 (Fig. 3) . At 42.5°C cultures carrying Rtsl show a markedly diminished turbidity after 9 h of growth, compared with strains carrying pFY603 which grow well at 42.5°C. Although a minor degree of growth inhibition was observed with pFY603, another plasmid belonging to this class (pFY601) had no appreciable effect on the host growth (data not shown). Even after 9 h of growth at 42.5°C, 89% of the 20SO pFY603 culture retained resistance to kanamycin (Fig. 3B) . Therefore, the lack of tsg expression was not due to the rapid emergence and growth of R-segregants. It should be mentioned that at about 103 cells per ml, segregation of Rtsl can occur at 42°C (11) . In the experiment shown in Fig. 3 , the initial cell concentration was about 106/ml, which generally does not lead to loss of Rtsl. As expected from the tsg+ phenotype of pFY505, kinetic studies revealed that, under the conditions for growth assessment, this plasmid strongly inhibited host growth at 42.50C (Fig.  30) .
Identification of restriction fragments carrying the replication and kanamycin regions. Rtsl miniplasmids should contain a minimum of two restriction fragments; the fragment carrying the replication region and the fragment carrying Kmr. (If these loci were closely linked, a single-fragment miniplasmid might be gener- ated, but this would presumably be formed at a considerably higher frequency than we observed). DNA of pFY603 (mini-Rtsl) and pFK004, a pBR322 recombinant carrying the KMr fragment of pAK8, were digested with BamHI and subjected to agarose gel electrophoresis (Fig. 4) . The BamHI digest of pFY603 consists of two fragments of 14.1 and 18.6 Mdal; these bands have been present in all eight BamHI niniplsmids tested thus far (unpublished data). As expected, these bands are also seen in the parent plnid, pAK8, as well as Rtsl (Fig. 2) (7) and stringently controlled (23, 31) plasmids. These studies revealed that, although replication functions may be clustered in a small region of the plasmnid genome (1, 7, 23) , the origin of replication is not identical to the incompatibility and copy control loci (7, 26) . In addition, multiple origins have been detected which are associated with inverted repeat structures (1, 7) . (25) , although other genetic studies were against this conclusion (29) . The use of molecular cloning techniques has enabled us to separate these phenotypes in Rtsl niniplasmids, despite seemingly close linkage by genetic analysis. In considering the temperature-dependent growth effects, one should not forget the possibility that an Rtsl derivative may have the characteristic of integrating into the host chromosome at 420C, although it remains autonomous at 320C. In such a case, one would not expect tsg expression because this phenotype may be suppressed when the plasmid is integrated into the host chromosome (37) . Although this situation is rare, we have observed such a case with AB1157/Rtsl (unpublished observation).
THERMOSENSITIVE EFFECT OF Rtsl 91
A second conclusion which can be drawn is that the kanamycin resistance locus may not play any role in expression of the tsg phenotype or elimination of the plasmid. Thus, the kanamycin-resistant miniplasmids may be either tsgor tsg+, and vary greatly with regard to stability. We have tentatively classified them into three major groups: those which were easily eliminated, those which were eliminated at 42.50C only, and those which were not eliminated at all. The varying degrees of stability shown by Rtsl miniplasmids led to our third important conclusion, that this property is affected by more than one site on the plasmid. In other words, the temperature-dependent elimination of Rtsl may be under the control of multiple genes. Alternatively, one can postulate that a single gene controls temperature-dependent elimination, but the size of the plasmid or the presence of other specific genes may influence the degree of expression of this locus. This hypothesis was strengthened by a separate observation that many of the pBR322 inserts described in Table  2 are readily eliminated from the host bacteria under nonselective conditions (unpublished observation). We have already reported that Rtsl does not influence the replication of a coexisting plasmid, indicating that there is no trans effect (11) . Experiments are currently in progress to isolate the gene(s) responsible for thermosensitive host growth and plasmid elimination.
